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Abstract: At present, personalized diets, which take into account consumer genetic characteristics, are
growing popular. Nutrigenetics studies the effect of gene variations on metabolism and nutrigenomics,
which branches off further and investigates how nutrients and food compounds affect genes. This work
deals with the mutations affecting the assimilation of metabolites, contributing to nutrigenetic studies.
We searched for the genes responsible for eating preferences which allow for the tailoring of
personalized diets. Presently, genetic nutrition is growing in demand, as it contributes to the
prevention and/or rehabilitation of non-communicable diseases, both monogenic and polygenic.
In this work, we showed single-nucleotide polymorphisms in genes—missense mutations that change
the functions of coded proteins, resulting in a particular eating preferences or a disease. We studied
the genes influencing food preferences—particularly those responsible for fats and carbohydrates
absorption, food intolerance, metabolism of vitamins, taste sensations, oxidation of xenobiotics, eating
preferences and food addiction. As a result, 34 genes were identified that affect eating preferences.
Significant shortcomings were found in the methods/programs for developing personalized diets that
are used today, and the weaknesses were revealed in the development of nutrigenetics (inconsistency
of data on SNP genes, ignoring population genetics data, difficult information to understand consumer,
etc.). Taking into account all the shortcomings, an approximate model was proposed in the review for
selecting an appropriate personalized diet. In the future, it is planned to develop the proposed model
for the compilation of individual diets.

Keywords: nutrigenetics; eating preferences; genotype; polymorphism; functional product;
personalized nutrition

1. Introduction

To date, the personalized approach to the person, as based on the 4P principles (personalized,
predictive, preventative, participative), both in the fields of medicine and nutrition, plays an important
role, because the prevention and treatment of the body depend on the right rational nutrition [1]. Proper
nutrition is part of a healthy lifestyle, and its disturbances cause various diseases, both monogenic
(depending on a mutation in one single gene, e.g., phenylketonuria, lactose intolerance, celiac disease)
and polygenic (depending on the changes in a number of genes, as well as environmental factors,
e.g., cancer, diabetes, etc.). Therefore, an individual approach to the nutrition based on genetics
becomes crucial.
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The study has the following aims:

1)  Searching for the scientific data about the genes, in which oligonucleotide polymorphisms affect
metabolites absorption and overall well-being.

2)  Searching for the information on the achievements in nutrigenetics contributing to the development
of personalized diets.

In the near future, we plan to model personalized diets and develop technologies for the production
of functional products which play an important role in nutrition.

2. Genes Responsible for Eating Preferences

Nutrigenetics studies the genetic basis of why people react differently to identical nutrients.
The research in this field creates the basis for the development of personalized nutrition, aimed
at solving individual health problems, because a person’s health, immune system response and
psycho-emotional state largely depend on metabolism. The individual diets are based on the genetic
information analysis for which a list of genes is required.

As part of the systematic review, genes and their polymorphisms were searched. Three reviewers
were involved in the literature search. The review was carried out in: National Center for
Biotechnological Information (NCBI), i.e., in PubMed and LitVar, GeneCards, SNPedia, Google Scholar,
Web of Science, 1000 genomes (1KGP), Russian Scientific Electronic Library (https://www.elibrary.ru)
and https://cyberleninka.ru. The search was implemented for genes and their polymorphisms, diseases
and eating preferences. The upper limit of the date was 09 December 2019 and the lower limit was
not set. It was carried out in Russian and English, focused on research conducted with people, and
included only free full-text articles in the public domain. As a result, 86 articles were included in
the review. We found the following genes and divided them into seven categories depending on
their affect.

2.1. Genes Responsible for the Digestion and Absorption of Carbohydrates and Fats

There are nine genes responsible for the absorption of carbohydrates and fats: ADRB2 (rs1042714
and rs1042713polymorphisms), TCF7L2 (rs12255372, rs7903146), FABP2 (rs1799883), PPARG (rs1801282),
CETP (rs5882), ADRB3 (rs4994), A5 (s662799, rs3135506), LEPR (rs1137101), ApoE(rs429358, rs7412).
Besides, we analyzed the dynamics of genetic composition of populations, namely frequencies of
dominant and recessive alleles (Table 1).

Table 1. Population genetics for genes responsible for absorption of carbohydrates and fats.

Frequency of Occurrence in Populations

Gene Polymorphism Alleli Reference
all,% AFR,% AMR,% EAS,% EUR,% SAS, %
G: 20 14 24 7 41 55
aprpz c 80 86 76 % 59 15 el
L042713 G: 52 48 54 45 61 55 (]
s A: 48 52 46 55 39 45 .
1205537 G.: 79 70 78 99 71 78 4]
TCF7L2 S a i 2 b P 22
7903146 C: 77 74 77 98 68 70 5]
Is T: 23 26 23 2 32 30
T: 25 22 23 25 27 31
FABP2 151799883 c 75 78 77 75 73 69 (6l
C: 93 99 88 97 88 88
PPARG 151801282 G 7 1 12 3 12 12 7]
G: 47 64 40 44 33 45
CETP 155882 A 53 36 60 56 67 55 (8l
A: 88 91 88 87 92 84
ADRB3 154994 G 12 9 12 12 3 16 ]
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Table 1. Cont.

Frequency of Occurrence in Populations

Gene Polymorphism Alleli Reference
all,% AFR,% AMR,% EAS,% EUR,% SAS, %

G: 16 12 15 29 8 19

AvoAS 15662799 A: 84 88 85 71 92 81 [10]

P 3135506 G: 94 93 88 100 93 9% (1]
s C: 6 7 12 0 7 4
A: 4 41 56 13 53 50

LEPR 51137101 G = s u et e =0 [12]
T: 85 73 90 91 85 91

ook 15429358 C: 15 27 10 9 15 9 3]

P i C 9 90 95 90 94 9 [14]
s T: 8 10 5 10 6 4

Abbreviations mean: AFR—African; AMR—American; EAS—East Asian; EUR—European; SAS—South Asian.

ADRB2 encodes the 32-adrenergic receptor involved in the regulation of cardiac, pulmonary,
vascular, endocrine and central nervous systems [15]. There are rs1042714 (Figure 1) and rs1042713
(Figure 2) polymorphisms in the gene, which causes a decrease in the rate of carbohydrate output
in cells, and, therefore, leads the development of type 2 diabetes mellitus, obesity and metabolic
syndrome [16].
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Figure 1. A portion of the ADRB2 gene (located on the long (q) arm of chromosome 5) containing the
oligonucleotide polymorphism rs1042714.

TCF7L2 encodes a protein that acts as a transcription factor and participates in the formation of
pancreatic 3-cells producing insulin needed to reduce blood sugar. There are rs12255372 (Figure 3) and
rs7903146 (Figure 4) polymorphisms, when there is insufficient insulin in the body, as its production is
disturbed, resulting in a high risk of type 2 diabetes mellitus [17,18].

The FABP2 gene encodes a protein that binds fatty acids in the intestines and promotes their active
transportation through the intestinal wall membrane [19]. The rs1799883 polymorphism (Figure 5)
leads to the fact that the fat-binding protein acquires a greater affinity to fatty acids when the body
assimilates fats from food more efficiently, and, therefore, there is a high risk of increased body mass
index (BMI), obesity and type 2 diabetes mellitus [20].

The PPARG gene encodes the nuclear receptor (gamma receptor), which induces the proliferation
of peroxisomes regulating the transcription of various genes involved in the metabolism of lipids and
carbohydrates—in muscle tissues metabolism and in the flammatory processes of human body [21].
Researchers believe that rs1801282 (Figure 6) causes increased sensitivity to insulin, total cholesterol,
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HDL (high-density lipoprotein) and increased glucose utilization, which serves as a protective
mechanism against diabetes mellitus and obesity [22].
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Figure 2. A portion of the ADRB2 gene (located
oligonucleotide polymorphism rs1042713.
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Figure 3. The TCF7L2 gene region (located on

oligonucleotide polymorphism rs12255372.

the long (q) arm of chromosome 10) containing the
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Figure 4. The TCF7L2 gene region (located on
oligonucleotide polymorphism rs7903146.

the long (q) arm of chromosome 10) containing the

The CETP gene is one of the key lipid metabolism genes, as it encodes the carrier protein of
cholesterol esters, i.e., the gene translates “good” HDL cholesterol into “bad” LDL (low density
lipoprotein) [23]. Rs5882 (Figure 7) is a cause of change in the primary structure of the protein, resulting
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in a decrease in HDL and increased LDL, i.e., in atherosclerosis and ischemic diseases of the heart and

vessels [24].
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Figure 5. A plot of the FABP2 gene (located on the long (q) arm of chromosome 4) containing the

oligonucleotide polymorphism rs1799883.
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Figure 6. A portion of the PPARG gene (located on the short (p) arm of chromosome 3) containing the
oligonucleotide polymorphism rs1801282.
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Figure 7. A portion of the CETP gene (located on the long (q) arm of chromosome 16) containing the

oligonucleotide polymorphism rs5882.
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The ADRB3 gene encodes the protein involved in the lipolysis regulation. Rs4994 polymorphism
(Figure 8) reduces the sensitivity of protein, changing its structure, due to which there is a slowdown
of oxidation and increased fat accumulation, causing obesity [25,26].

_._. . [ese250

. Pproceze  presezm, . @ .. Ppresssoo . preeesio . . preses: . PrEsedn .,

Genes, NCBI Homo sapiens Annotation Release 109.20191205

INP 000016.1

M 00002
Live RefSNPs, dbSNP b153 v2
1s75.. M8 CT 15201018991 M C/G 151563308208 MM G/T 151205913155 M G/C  rs1199475313 M T/Q 15201389673 M C/AT 151305237262 M T/C  rs909045042 MM GIAT  1s773698704 M GIA'T
rs1186847... M C/A rs753800448 M C/T 51487575601 M T/G W G/A rs15633p8237 M G-  rs1397989913 M TG rs200051861 M C/G rs892525758 M C.
151353983566 M G/A 151045326134 W8 G/A'T 5757009547 WM C/T 154994 W AG 151348195261 M G/A 15147723870 W G/AIC 131196399208 W G/A/T
151234831425 M C/A 151256216205 M GiA 15757977808 M GA 15199751425 M GiA 15201549798 M G/A 15763443477 W CIATT
rs1449115045 M G/A rs1341794632 M T:C 15779794484 M G/C/T 15953458416 M AT rs133981982¢8 M C/T rs1484789579 M G:#
151439830093 M AG W T/C 151268006192 M CT 151216713460 M A 151213516770 M
151563398217 M T/G r$1333099018 M C/G
51265360058 M T:C
Clinical. dbSNP b153 v2
154994 M A/G
Cited Variations, dbSNP b153 v2
54994 M A'G
1000 Genomes Phase 3, dbSNP b153 v2
15201018991 M C/G 15549662633 M G/A 15199751425 M G/A 15200051861 M C/G
54994 M AG
Splice Donor Region Variations, dbSNP b153 v2
Splice Acceptor Region Variations, dbSNP b153 v2
Missense Variations, dbSNP b153 v2
151353983568 M G/A 15753800448 M C/T 51487575601 M8 T/G  rs549662633 M G/A  rs7797p4484 M G/C/T 5953458416 W AT 5909045042 M G/AT 15773698704 M GIAT
15201018991 M C/G  rs1563396206 M G/T 151199475313 M T:Q 13201369673 W C/A/T 1571305237262 M T/C 15201549798 M G/A 131196399208 W GIA/T
rs1045326134 M C/A'T rs1265360058 M TC 54994 M A'G rs1397989913 M T/G 51339819628 M C/'T 51484789579 M G/
151341794632 M T:C rs757977808 M G/A rs1268006192 M8 C'T 151216713469 M A'C
151439830003 M AG mTic

Figure 8. A region of the ADRB3 gene (located on the short (p) arm of chromosome 8) containing the
oligonucleotide polymorphism rs4994.

Apolipoprotein A5 is the protein that is encoded by the APOAS5 gene. It plays an important role
in regulating the level of triglycerides in blood plasma [27]. The gene polymorphisms are associated
with a change in the triglyceride level. In the case of rs662799 and rs3135506 oligonucleotide mutations
(Figures 9 and 10), there is a decrease in the amount of apolipoprotein A5 and, as a result, there is an
increase in the level of triglycerides and VLDL in human blood. Therefore, the risk of atherosclerosis
and cardiovascular diseases increases [28].
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Figure 9. ApoA5 gene region (located on the long (q) arm of chromosome 11) containing the
oligonucleotide polymorphism rs662799.

The LEPR gene encodes the protein (leptin receptor) that is sensitive to insulin. It participates in
the body weight regulation and energy metabolism [29]. A decreased receptor production, which is
observed in rs1137101 polymorphism (Figure 11), causes leptin resistance and, as a result of which,
fats in cells increase, and, therefore, obesity is developing. Moreover, lack of leptin leads to increased
appetite, as there is no feeling of saturation [30]. There are forms of monogenic obesity caused by a
mutation of LEPR gene [31].
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Figure 10. ApoAS5 gene region (located on the long (q) arm of chromosome 11) containing the
oligonucleotide polymorphism rs3135506.
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Figure 11. A portion of the LEPR gene (located on the short (p) arm of chromosome 1) containing the

oligonucleotide polymorphism rs1137101.

The ApoE gene encodes the apolipoprotein E protein, which provides the absorption of cholesterol
through B- and E-receptors and promotes the absorption of VLDLP (very low-density lipoprotein) by
the liver. The missense mutations rs429358 (Figure 12) and rs7412 (Figure 13) affect the cholesterol
metabolism and cause a deterioration of the cholesterol removal process. In the case of the ApoE3/E3
genotype, the risk of atherosclerosis is minimal, while, in the case of the ApoE4/E4 genotype, it is the

highest [32,33].
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Figure 12. ApoE gene region (located on the long (q) arm of chromosome 19) containing the

oligonucleotide polymorphism rs429358.
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Figure 13. ApoE gene region (located on the long (q) arm of chromosome 19) containing the

oligonucleotide polymorphism rs7412.

2.2. Genes Associated with Food Intolerances

The list includes HLA-DQ and MCMB6 (rs4988235) genes which cause monogenic diseases.

The HLA genes are part of the immune-response mechanism, i.e., they help the immune system
to distinguish the body’s own proteins from foreign ones—viruses and bacteria. HLA-DQ genes
are responsible for the immunological recognition of cells. The produced proteins of HLA-DQ2 and
HLA-DQS8 genes form a functional protein complex—the antigen-binding dimer (DQu«f3), when affixing
to peptides outside the cell, recognizes them as foreign or own proteins, triggering an immune response
in the first case [34,35]. These genes can cause an autoimmune disease in the case of inadequate immune
response: for example, an inadequate response to gluten proteins, which cause the inflammation that
damages body organs and tissues and lead to the signs and symptoms of celiac disease. The predisposition
to the disease is observed in the presence of HLA-DQ2 and HLA-DQ8 genes [36].
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The MCMS6 gene helps control the expression of a nearby LCT gene, which encodes lactose protein,
an enzyme capable of digesting lactose contained in milk and dairy products [37]. The rs4988235
polymorphism in the LCT and MCMS6 genes leads to the ability of digesting milk in adulthood [38].
The gene sequence is shown in Figure 14.
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Figure 14. A portion of the MCMS6 gene (located on the long (q) arm of chromosome 2) containing the
oligonucleotide polymorphism rs4988235.

We also considered the dynamics of dominant and recessive allele frequencies in the populations
for this gene (Table 2).

Table 2. Population genetics of genes responsible for lactose intolerance.

Frequency of Occurrence in Populations

Gene Polymorphism Alleli Reference
all, % AFR, % AMR, % EAS, % EUR, % SAS, %
G: 84 97 78 100 49 89
MCM6 154988235 A 16 3 » 0 51 1 [39]

Abbreviations mean: AFR—African; AMR—American; EAS—East Asian; EUR—European; SAS—South Asian.

2.3. Genes Responsible for the Metabolism of Vitamins

The genes responsible for the metabolism of vitamins are: BCMO1 (rs7501331, rs12934922,
rs119478057), ALPL (rs1256335) and NBPF3 (rs4654748), MTNER (rs1801133), FUT2 (rs602662), VDR
(rs1544410) and GC (rs2282679), F17ADS1 (rs1 4547). For this list of genes, we considered the dynamics
of genetic composition of populations, namely, dominant and recessive allele frequencies (Table 3).
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Table 3. Population genetics of genes responsible for vitamin metabolism.

Frequency of Occurrence in Populations

Gene Polymorphism Alleli Reference
all,% AFR,% AMR,% EAS,% FEUR,% SAS, %
7501331 C: 85 99 83 81 77 79 (0]
T 15 1 17 19 23 21
BCMO1 :
12934920 A 77 91 68 87 56 77 1]
T 23 9 32 13 44 23
119478057 C 100 100 100 100 100 100 2]
T 0 0 0 0 0 0
ALPL 1s1256335 G: 7 24 14 2 2 2 [43]
A 83 76 86 98 78 79
NBPF3 rs4654748 c 62 o4 7 42 >3 % [44]
T 38 6 43 58 47 44
MTNFR 151801133 G: 75 o 53 70 64 88 [45]
A 24 9 47 30 36 12
U 602662 G: 67 51 65 100 53 72 6]
A 33 49 35 0 47 28
VDR 161544410 < 70 73 74 o4 60 >2 [47]
T 30 27 26 6 40 48
4 7
GC rs2282679 T 80 % 7 74 s 0 [48]
G: 20 5 21 26 25 30
FADS1 1s174547 T 0 % 4 43 6 86 [49]
C 30 2 59 57 35 14

Abbreviations mean: AFR—African; AMR—American; EAS—East Asian; EUR—European; SAS—South Asian.

The BCMOL1 gene encodes 3-Carotene Oxygenazel, which is a key enzyme in the breakdown
of beta-carotene to vitamin A. Vitamin A is important for the body, as it is one of the main nutrients
involved in the lipid metabolism regulation, control of adipocyte differentiation and lipid tissue
exchange [50]. Rs7501331 (Figure 15), rs12934922 (Figure 16) and rs119478057 (Figure 17) cause a
decrease in the enzyme synthesis rate, which leads to a deterioration in the vitamin A digestibility [51].

... [s12808s0 . [s12e0860 . [91200870 1280880 — - see o SN0 [81.200.840__, .

BCO1 [+13]
Live RefSNPs, dbSNP b153 v2
rs117372108 8 A/G rs1198889098 M T/A rs1567463641 M G/A/C rs780089386 NN AAAAA |rs1262132285 M A/G rs1567463763 M GAAGAAGA/GAAGA rs371735118 M CT
rs1462779144 M T/A rs760132973 M@ C/G  rs140479675 M@ A'G rs1356684176 M AT rs1183354491 I8 T/A rs779053226 W8 C/T rs7501162 M G/A rs370178723 M C/G  rs759949907 Ml C/A/T
rs1567463603 M T/C rs765230331 M A/C rs777973552 M A/C  rs1419979074 M A/C 88549373 M C/G rs1476130491 M8 C/A S7 69999 M G/'C 51347211910 M T/C rs765789441 M C/A
513359689638 M A'C r$375301674 M GAT 5 o AG 3 -, AG 5539564199 M G/A rs138145629 M A'G 51438472025 M T/C
15754282848 M G/A rs937718247 M C/G rs1165503120 M G rs745761600 W8 C/T rs1185804692 M A/'T  rs1160020479 M T:C rs771171844 M T/,C/G
151379310235 M GiC 15751311880 MM G/T  rs1209665601 M A/AA 151277923022 W8 G/iA 15777124692 M8 G/T

157501331 Il C/T
r51047156631 M8 C/T
Clinical. dbSNP b153 v2
Cited Variations, dbSNP b153 v2
157501331 Ml /T
1000 Genomes Phase 3, dbSNP b153 v2
15375301674 W G/AT 157501331 Ml CT 15539564199 WM GiA rs138145629 M A'G
Splice Donor Region Variations, dbSNP b153 v2
Splice Acceptor Region Variations, dbSNP b153 v2
151335989638 M A/C
15754282848 W G/A
Missense Variations, dbSNP b153 v2

151198889008 MM T/A  rs1567463641 M G/A/C 13145 - A - AG rs1476130401 M8 C/A  rs774169990 Wl G/C 151347211910 M8 T/C 15371735118 M C/T
1760132973 M C/G  rs140479675 Ml A'G 151419973074 M AC 3 M C/G 11277923022 M8 G/A 15370178723 M C/G
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Figure 15. The BCMOT1 gene region (located on the long (q) arm of chromosome 16) containing the
oligonucleotide polymorphism rs7501331.
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Figure 16. The BCMOI1 gene region (located on the long (q) arm of chromosome 16) containing the

oligonucleotide polymorphism rs12934922.
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Figure 17. The BCMOI1 gene region (located on the long (q) arm of chromosome 16) containing the

oligonucleotide polymorphism rs119478057.

The ALPL and NBPE3 genes enzyme belongs to the hydrolase group—alkaline phosphatase—
necessary for the association with the synthesis of neurotransmitters in the central nervous system
(CNS) [52]. One of such neurotransmitters is gamma-aminobutyric acid (GABA). Vitamin B6 affects its
synthesis. In other words, the alkaline phosphatase deficiency leads to the vitamin B6 deficiency in
the central nervous system, and, therefore, causes neurological defects, as vitamin B6 is important
for the brain development and functioning [53]. The vitamin B6 deficiency is observed in the case of
rs1256335 (ALPL, Figure 18) and rs4654748 (NBPE3, Figure 19) polymorphisms.

Genes, NCBI Homo sapiens Annotation Release 109.20191205
‘ALPL [+14]
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151256335 I
g1
s
Clinical, dbSNP b153 v2
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151256335 I
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1574059651 8 C/

5559384541 1 G

151256335
Splice Donor Region Variations, dbSNP b153 v2

Splice Acceptor Region Variations, dbSNP b153 v2

rs1251209647 W A/AA

L

=

rs961853454 M A/G 151378483385 W A/G
151336998448 M G/A 151465353571 M8 C/T

rs564230756 W G/A
5531626708 M G/C

rs545338528 M C/T rs1421444297
G/A rs923151578 M G/A
14444810 M G/A rs1398485691 M8 C/A

1056957899 M T/C

G/A
rs545338526 M C/T rs564230756 M G/A
rs531626708 M G/C
G/A

Figure 18. The ALPL gene region (located on the short (p) arm of chromosome 1) containing the

oligonucleotide polymorphism rs1256335.
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C GGTC TACACCAAAACCGTCGTTATCCCCACACCCCATTACA E TTTTAATTTTACCATATACACACATACTCTTCCTTTCC CCGTTTCGACACCCC
Genes, NCBI Homo sapiens Annotation Release 109.20191205 =
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rs577372188 M C/A 151456349894 M G/A 151290455530 M G/A rs4654748 cT rs975905755 M G/A 151284904131 1 G/A
151192828500 M A/G rs1197097603 M8 A'G 51459932137 M G/T rs934056458 M G/T
rs545563620 I T/C rs1466236278 51294624708 W T/A

- cT
1s909887D27 W C/T
159627)8485 W A'T
Clinical, dbSNP b153 v2
Cited Variations, dbSNP b153 v2
154654748 |l C/T
1000 Genomes Phase 3, dbSNP b153 v2
r$577273483 M T/C 1572659117 M8 G/A 154654748 I C/T
Splice Donor Region Variations, dbSNP b153 v2

Splice Acceptor Region Variations, dbSNP b153 v2

Figure 19. The NBPF3 gene region (located on the short (p) arm of chromosome 1) containing the
oligonucleotide polymorphism rs4654748.

The MTNFR gene encodes the methylenetetrahydrofolate reductase protein, which participates in
the metabolism of folic acid, necessary for converting homocysteine to methionine and further into
S-adenosylmethionine, which plays an important role in the DNA methylation process [54]. As a result
of the rs1801133 polymorphism (Figure 20), the metabolic pathway of homocysteine transformation is
disturbed and its content in plasma increases. High homocysteine levels increase the probability of
atherosclerosis, thrombosis and type 2 diabetes mellitus [55].

X 11,796,280 11,796,290 11,796,300 11,796,310 | 151801133 11,796,330 11,796,340 11,796,350 11,796,360 11,796,370
AGCGGAAGAATGTGTCAGCCTCAAAGAAAAGCTGCGTGATGATGAAATCGGCTCCCGCAGACACCTTCTCCTTCAAGTGCTTCAGGTCAGCCTCAAAGCTCCCTGCTT
TCGCCTTCTTACACAGTCGGAGTTTCTTTTCGACGCACTACTACTTTAGCCGAGGGCGTCTGTGGAAGAGGAAGT TCACGAAGTCCAGTCGGAGTTTCGAGGGACGAA
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15756... M G/AC 15772698730 M G/T rs1801133 Ml G/A  rs1418131798 M AG 151391033297 M C/T
1511948... M AIG 151217691063 M AG 1. C/T 15748601308 M C/G
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151177716874 M T/C 15200100285 ™ T/C/G 5144920629 M G/A
Clinical, dbSNP b153 v2
1534279942 W8 G/A/T 15786204016 NS TGATGATGA/TGATGA 15746353274 M CTTC/C
1545589033 W8 C/T 15105759062 M. CCC/CC

15200100285 W T/C/G
18150847674 M G/
151801133 |l G/A
Cited Variations, dbSNP b153 v2
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1M CT

15200100285 W T/C/G
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1000 Genomes Phase 3, dbSNP b153 v2

AG 1545589033 I C/T rs200100285 M T/C/G rs200771471 M C/T
1534279942 M G/AT 15150847674 M G/
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Splice Donor Region Variations, dbSNP b153 v2
Splice Acceptor Region Variations, dbSNP b153 v2

Figure 20. A portion of the MTHEFR gene (located on the short (p) arm of chromosome 1) containing
the oligonucleotide polymorphism rs1801133.

The FUT2 gene encodes protein fucosyltransferase 2, which is involved in the synthesis of Lewis
blood group antigens. These antigens contribute to the attachment of gastric pathogens to the stomach
mucous membrane which can affect the vitamin B12 absorption [56]. The vitamin B12 deficiency,
observed with a poor vitamin absorption in the intestine, is associated with anemia, cardiovascular
diseases, cancer and neurodegenerative disorders. The rs602662 polymorphism (Figure 21) reduces
the risk of impaired vitamin B12 absorption in the intestine; therefore, there is an increase in B12 in the
blood [57].

The active form of vitamin D inhibits the development of breast, colon and prostate cancer, has
a positive effect on the cardiovascular system and prevents autoimmune diseases [58]. Two genes
are responsible for the vitamin D metabolism: VDR and GC. The VDR gene synthesizes the protein,
vitamin D receptor, which participates in the metabolism of calcium and phosphates essential for bones
and teeth. The rs1544410 polymorphism (Figure 22) reduces receptor sensitivity to vitamin D, and,
therefore, there is an increase in the calcium removal from bones. As a result, there is a decrease in the
mineral bone density, and the risk of osteoporosis increases [59]. The GC gene encodes the vitamin D
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binding protein; its rs2282679 polymorphism (Figure 23) is associated with a change in the level of
vitamin D in the blood [60].

48,703,680 48,703,700 P3,730 48,703,740 48,703,750 48,703,760 8,703,770 #8,703,780

GIGATGTGGTGTTTGCTGGCGATGGCATTGAGGGCTCACCTGCCAAAGATTTTGCTCT
CACTACACCACAAACGACCGCTACCGTAACTCCCGAGTGGACGGTTTCTAAAACGAGA

ICACCAGTAATGGCATGGCCTGGTGTCGGGAGAACATTGACACCTCCCA
AGTGGTCATTACCGTACCGGACCACAGCCCTCTTGTAACTGTGGAGGGTGC
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Frameshift Variations, dbSNP b153 v2
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Figure 21. A portion of the FUT2 gene (located on the long (q) arm of chromosome 19) containing the
oligonucleotide polymorphism rs602662.
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Figure 22. A section of the VDR gene (located on the long (q) arm of chromosome 12) containing the
oligonucleotide polymorphism rs1544410.
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1000 Genomes Phase 3, dbSNP b153 v2
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Figure 23. A portion of the GC gene (located on the short (p) arm of chromosome 4) containing the
oligonucleotide polymorphism rs2282679.

The FADS1 gene synthesizes the fatty acid desaturase 1 protein (FADS), which is able to
synthesize important polyunsaturated fatty acids (eicosapentaenoic and arachidonic acids) from
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omega-3 substrates and omega-6, respectively. In other words, the gene controls the metabolism of
fatty acids in the body [61,62]. The rs174547 polymorphism (Figure 24) is associated with a decrease
in the level of omega-3 fatty acids, an increase in the relative level of omega-6 fatty acids and the
concentration of transunsaturated fatty acids, resulting in the development of coronary heart disease,
type Il diabetes mellitus, metabolic syndrome and obesity [63].

61.803.270 61,803,280 |61.803.290 61,803,300 18174547 1,803.320 51,803,330 1,803,340 61,803,350 61,803,360
TCTTTTACGACAAAC TGAAAAACAAAAACGACAAAA AT TAGGAAAAGTTATCAACACAATACGAGGTCAGAAGACTCACTGACA AATGGACCCAC
Genes, NCBI Homo sapiens Annotation Release 109.20191205 I
= @ - ADS1 [«
Live RefSNPs, dbSNP b153 v2 |

151407365220 W CT/-  rs1391039905 M T/A 151183413227 W C/T 15761152016 W C/T 15766922513 W A/T 151278730733 W G/A 151381113200 W8 G/A
=G 15575241667 M G/IC 15563965071 W G/A 151483794647 W C/T 151286184932 M T/C 5369123975 M T/C 15777287657 W T/G 151207627995 W
151565317960 M G/A 15148993599 W T/C 15926831611 8 G/T 151356882725 M G/A
15174547 | T/C 15374260004 W C/G
15773661731 M C/A 151453037768 W C/T

r51308507@56 M C/G
Clinical, dbSNP b153 v2 f [
Cited Variations, dbSNP b153 v2 |
15174547 | T/C
1000 Genomes Phase 3, dbSNP b153 v2 I
15575241667 M G/C rs563965071 M G/A 15174547 Ml T/C
15148993599 W T/C
Splice Donor Region Variations, dbSNP b153 v2 I

Splice Acceptor Region Variations, dbSNP b153 v2 |
Missense Variations, dbSNP b153 v2 ||
Frameshift Variations, dbSNP b153 v2 i
Figure 24. The FADSI gene region (located on the long (q) arm of chromosome 9) containing the

oligonucleotide polymorphism rs174547.
2.4. Genes Responsible for Taste Sensations

Taste plays an important role in the assessment of the nutritional composition of the food
consumed. GLUT2 (rs5400) is responsible for sweet sensitivity, TAS2R38 (rs1726866)—for bitter taste,
CD36 (rs1761667) is associated with the taste sensitivity to and preference for fat. ADDI1 (rs4961) and
CYP11B2 (rs1799998) are associated with salt sensitivity. The gene sequences containing oligonucleotide
polymorphisms are shown in Figure 4. For this list of genes, we considered the dynamics of genetic
composition of populations, namely dominant and recessive allele frequencies (Table 4).

Table 4. Population genetics of genes responsible for taste sensations.

Frequency of Occurrence in Populations

Gene Polymorphism Alleli Reference
all,% AFR,% AMR,% EAS,% EUR,% SAS,%

7 1 4

GLUT2 rs5400 G 8 > 83 % 86 8 [64]
A 2 49 17 2 14 16

TAS2R38 151726866 G: 57 67 1 68 46 36 [65]
A 43 33 29 2 54 64

CD36 151761667 G 61 65 i 69 47 7 [66]
A 39 35 53 31 53 29

ADDL o961 G: 79 95 83 55 80 80 (671
T 21 5 17 45 20 20

CYP11B2 151799998 A 65 81 >3 71 o1 61 [68]
G: 35 19 19 29 49 39

In the Table 4, the abbreviations mean: AFR—African; AMR—American; EAS—East Asian; EUR—European—
European; SAS—South Asian.

The GLUT2 (or SLC2A2) gene encodes the protein that transports glucose through the cell
membrane, resulting in the gene being a “sensor” of glucose sensitivity [69]. In the case of the rs5400
polymorphism (Figure 25), there is a decrease in sugar sensitivity and, therefore, it leads to its excessive
consumption resulting in a high risk of type 2 diabetes [70,71].
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Figure 25. The GLUT?2 gene region (located on the long (q) arm of chromosome 3) containing the rs5400
oligonucleotide polymorphism.

The TAS2R38 gene encodes the protein of tongue cells, which controls the ability to feel
glucosinolates, a family of bitter compounds [72]. In other words, this gene is associated with
a hypersensitivity to bitter tastes. In the case of the rs1726866 polymorphism (Figure 26), there
is a decrease in bitter susceptibility and, therefore, such people can consume bitter foods rich in
antioxidants. The sensitivity to bitter taste can affect both diet and taste preferences, and metabolic
hormonal regulation [73].
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Figure 26. The TAS2R38 gene region (located on the long (q) arm of chromosome 7) containing the
oligonucleotide polymorphism rs1726866.

The CD36 gene encodes the protein that participates in the fat recognition in food and their
absorption in the intestine [74]. The rs1761667 (Figure 27) polymorphism in this gene is associated with a
disturbance in the perception of fatty acids and, therefore, there is an increase in their consumption. Asa
result of polymorphism, there is a risk of diabetes mellitus and metabolic syndrome development [75].

The ADD1 gene encodes the structural protein of the cell (x-adducin), which is involved in the
transport of sodium ions through kidneys [76]. The rs4961 polymorphism (Figure 28) is associated
with the disruption of sodium ion transport and salt-sensitive hypertension [77,78]. The protein with
impaired function cannot effectively remove salt from the body and it leads to the water-salt imbalance,
edema and high blood pressure, essential hypertension and cardiovascular diseases [79].
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Figure 27. A plot of the CD36 gene (located on the long (q) arm of chromosome 7) containing the
oligonucleotide polymorphism rs1761667.
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Figure 28. A portion of the ADDI1 gene (located on the short (p) arm of chromosome 4) containing the
oligonucleotide polymorphism rs4961.

The CYP11B2 gene encodes the protein that participates in the synthesis of the aldosterone
hormone [80]. Aldosterone regulates blood pressure, increasing it. It also maintains salt and fluid
levels in the cells. In the case of the 151799998 polymorphism (Figure 29), there is an increase in the rate
of aldosterone synthesis, resulting in a fluid retention, body swelling and high blood pressure [81].
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Figure 29. A plot of the CYP11B2 gene (located on the long (q) arm of chromosome 8) containing the
oligonucleotide polymorphism rs1799998.

2.5. Genes Responsible for the Metabolism of Xenobiotics

MnSOD (rs4880), GSTP1 (rs947894) and CYP1A2 (rs762551) participate in the oxidation of
xenobiotics entering the body with food. The MnSOD gene (also known as SOD2) codes superoxide
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dismutase, which binds to the by-products of oxidative phosphorylation and converts them into
hydrogen peroxide and diatomic oxygen. In other words, the enzyme destroys xenobiotics which
are toxic for the body. The rs4880 polymorphism (Figure 30) is associated with a decreased enzyme
activity, an increased cellular damage and an increased risk of diseases associated with a DNA damage,
e.g., cardiovascular diseases and malignant tumors [82,83].
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Figure 30. A portion of the MnSOD gene (located on the long (q) arm of chromosome 6) containing the
oligonucleotide polymorphism rs4880.

GSTP1 encodes the protein (glutathione S-transferasep-1), which detoxifies xenobiotics by their
joining glutathione contained in erythrocytes [84]. Rs947894 (Figure 31) leads to a decrease in the
enzyme activity and, consequently, to an increased sensitivity to carcinogens and toxins, and their
increased accumulation in the body.
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Figure 31. The GSTP1 gene region (located on the long (q) arm of chromosome 11) containing the
oligonucleotide polymorphism rs947894.

CYP1A2 encodes the enzyme of cytochrome P450 system, which plays an important role in the
oxidation of endogenous and exogenous compounds [85]. This gene participates in the metabolism
of caffeine, food mutagens and medicines. The slower the metabolism is, the longer the xenobiotic
circulates in the blood, and the more damage it causes to the body [86]. In the case of the rs762551
polymorphism (Figure 32), there is an increase in the xenobiotics metabolism rate [87].
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Figure 32. A plot of the CYP1A2 gene (located on the long (q) arm of chromosome 15) containing the
oligonucleotide polymorphism rs762551.

For this list of genes, we considered the dynamics of genetic composition of populations, namely,
dominant and recessive allele frequencies (Table 5).

Table 5. Population genetics of genes responsible for metabolism of xenobiotics.

Frequency of occurrence in populations

Gene Polymorphism Alleli Reference
all, % AFR, % AMR, % EAS,% EUR,% SAS, %
MnSOD 154880 A: 59 58 42 88 53 49 88]
G: 41 42 58 12 47 51
GSTP1  rs947894(rs1695) 65 52 52 82 67 7 89]
G: 35 48 48 18 33 29
CYP1A2 1$762551 < 57 u 24 33 32 47 [90]
A: 63 56 76 67 68 53
In the table, abbreviations mean: AFR—African; AMR—American; EAS—East Asian; EUR—European;

SAS—South Asian.

2.6. Genes Responsible for Eating Preferences

The list of genes influencing eating preferences includes: FTO (rs9939609), MC4R (rs17782313),
DRD2 (rs1800497). In this study, eating preferences means the tendency to overeat caused by
genetic polymorphisms.

The FTO gene encodes the protein that participates in energy metabolism, oxidative reactions
and the metabolism of fatty acids. rs9939609 (Figure 33) is associated with an increase in the body
mass index (BMI) and obesity [91,92]. The excessive expression of FTO is associated with a higher food
intake and subsequent increases in body weight and fat, assuming that the level of energy expenditure
and physical activity remain unchanged [93].

The MC4R gene encodes the protein, which is a membrane-bound receptor that plays an important
role in energy homeostasis and eating preferences regulation. The protein, in association with
melantropin, becomes responsible for the feeling of saturation [94]. In addition, the MC4R gene plays
a key role in the regulation of glucose homeostasis [95]. The 17782313 polymorphism (Figure 34) is
the cause of autosomal-dominant obesity, as the gene is associated with BMI, eating preferences and
regulation of food consumption [96].
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Figure 33. A portion of the FTO gene (located on the long (q) arm of chromosome 16) containing the

oligonucleotide polymorphism rs9939609.
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Figure 34. A portion of the MC4R gene (located on the long (q) arm of chromosome 18) containing the

oligonucleotide polymorphism rs17782313.

DRD2 encodes the dopamine receptor (D2),

which inhibits the adenyl cyclase activity. Dopamine

is responsible for many processes occurring in the central nervous system: eating, addiction to alcohol,
smoking and drugs [97]. The expression of DRD2 gene is affected by the near-by ANKK1 gene,
which the rs1800497 polymorphism (known as Taq1lA, Figure 35) leads to a decrease in the dopamine
production, and, as a result, the body begins to look for the ways of increasing the hormone of joy by

addictions [98].
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Figure 35. A plot of the DRD2 gene (located on the long (q) arm of chromosome 11) containing the

oligonucleotide polymorphism rs1800497.



Genes 2020, 11, 357 20 of 35

The dynamics of the genetic composition of populations, namely the frequency of dominant and
recessive alleles for these genes, are presented in Table 6.

Table 6. Population genetics of genes responsible for eating preferences.

Frequency of Occurrence in Populations

Gene Polymorphism Alleli Reference
all, % AFR, % AMR, % EAS,% EUR,% SAS, %

ETO 59939609 T: 66 51 74 83 59 71 [99]
A: 34 49 26 17 41 29
T: 7 72 7 1 7

MC4R rs17782313 6 8 8 6 68 [100]
C: 24 28 13 19 24 32
G: 67 61 69 59 81 69

DRD2 rs1800497 [101]
A: 33 39 31 41 19 31

In the table, abbreviations mean: AFR—African; AMR—American; EAS—East Asian; EUR—European;

SAS—South Asian.

2.7. Genes Responsible for Food Addiction

Genes responsible for the development of food addiction include: ADH1B (rs1229984) and ALDH2
(rs671), CHRNADS (rs16969968) and CHRNAS3 (rs1051730).

The ADH1B and ALDH2 genes are responsible for the sensitivity to alcohol [102]. The ADH1B gene
encodes protein, which is part of the family of alcoholic dehydrogenase (beta-subunit), oxidizing ethanol,
retinol and other aliphatic alcohols, and lipid peroxidation products. The rs1229984 polymorphism
(Figure 36) leads to an increase in the enzyme activity, and, therefore, to the increased rate of ethanol
decay, thereby removing it from the blood.

TCACAGGAAG GGGTCACCAGGTTGCCACTAACCACGTGGTCATCTGTGTGACAGATTCCTACAGCCACCATCTACAGAATAAAGAGAAGCTGTTCAGATTCAGAAAA
AGTGTCCT‘I‘CCCCCCAG‘I‘GGTCCAACGGTGAT'IGGTGCACCAGTAGACKCACTGTC‘I‘AAGGlTGTCGGTGGTAGA‘!GTCTTA’I‘TTCTCT CGACAAGTCTAAGTCTTT™

Genes, NCBI Homo sapiens Annotation Release 109.20191205

Live RefSNPs, dbSNP b153 v2
445 IE— 490 W G/A'T
151324004432

Clinical, dbSNP b153 v2

Cited Variations, doSNP b153 v2

rs6413413 M T/AG rs1229984 M T/C/G

51041969 W G/A/T

1000 Genomes Phase 3, dbSNP b153 v2 | |

56413413 W TAG 51229984 T/C'G 1528913916 W AG
Splice Donor Region Variations, dbSNP b153 v2 1
Splice Acceptor Region Variations, dbSNP b153 v2 ||

1579366835 W T/C

Missense Variations, dbSNP b153 v2

Frameshift Variations, dbSNP b153 v2

5748469440 IE— 151449736036 M. CAC/C

Figure 36. A portion of the ADH1B gene (located on the long (q) arm of chromosome 4) containing the
oligonucleotide polymorphism rs1229984.

The rapid ethanol decay to acetaldehyde leads to severe hangover syndrome, as acetaldehyde
circulates in the blood for a longer time and causes unpleasant symptoms. As a result, alcoholism
is unlikely to occur [103]. The ALDH2 gene encodes the enzyme aldehyde dehydrogenase, which
participates in the acetaldehyde oxidation to acetate. In the case of the rs671 polymorphism (Figure 37),
the aldehyde dehydrogenase enzyme loses its activity. Researchers suggest that the inactivity is the
cause of alcohol intolerance in Asian and Northern peoples [104].

The CHRNAS5 and CHRNAS3 genes encode the proteins (receptors «-5 and «-3, respectively), which
are subunits of the nicotine acetylcholine receptor. The genes increase the nicotine dependence and
provoke smoking-related diseases [105]. The rs16969968 polymorphisms in CHRNAS5 (Figure 38) [106]



Genes 2020, 11, 357

21 of 35

and CHRNAS3 rs1051730 (Figure 39) are associated with the increased nicotine dependence and risk of

lung cancer [107,108].
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Figure 37. A section of the ALDH2 gene (located on the long (q) arm of chromosome 12) containing the

oligonucleotide polymorphism rs671.
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Figure 38. A portion of the CHRNAS gene (located on the long (q) arm of chromosome 15) containing

the oligonucleotide polymorphism rs16969968.
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Figure 39. A region of the CHRNAS3 gene (located on the long (q) arm of chromosome 15) containing

the oligonucleotide polymorphism rs1051730.
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The dynamics of the genetic composition of populations, namely, the frequency of dominant and
recessive alleles for these genes, are presented in Table 7.

Table 7. Populational genetics of genes responsible for food addiction.

Frequency of Occurrence in Populations

Gene Polymorphism Alleli Reference
al,% AFR,% AMR,% EAS,% EUR, % SAS,%

ADHIB 151229984 T 16 0 6 70 3 2 [109]
C 84 100 94 30 97 98

ALDLD et G: 9% 100 100 83 100 100 (110)
A 4 0 0 17 0 0

CHRNA5  rs16969968 G: 8 % 7 7 63 82 [111]
A 15 2 21 3 37 18
G: 83 91 78 97 63 82

CHRNA3  rs1051730 [112]
A 17 9 2 3 37 18

In Table 7, the abbreviations mean: AFR—African, AMR—American; EAS—East Asian; EUR—European;
SAS—South Asian.

As a result of the review, we compiled a list of 34 genes (Table 8), divided into seven categories
depending on their function in metabolism. In Table 8, also the gene localization on chromosomes and
genotype are given.

Table 8. List of genes and polymorphisms responsible for eating preferences.

Function Reference Gene Polymorphism  Localization Genotype
norm/norm norm /mut mut/mut
2] 151042714 c/C C/G G/G
3] ADRB2 rs1042713 5q32. G/G G/A A/A
[4] 1512255372 G/G G/T /T
51 TCF712 157903146 10Q25:3 c/C o T
[113] FABP2 151799883 4q26 G/G G/A A/A
Fats and 7] PPARG 151801282 3p25.2 c/C C/G G/G
carbohydrates 8] CETP 155882 16q13 G/G G/A A/A
sbsorption [114]  ADRB3 154994 8p11.23 T T/C c/C
[10] AbOAS 15662799 11233 A/A A/G G/G
[11] P 153135506 qee c/C G/C G/G
[12] LEPR 151137101 1p31.3 A/A A/G G/G
E22  E23  E33  E42  E4f3 E4/4
(131 ApoE 15429358 19q13.32 T /T /T T T cc
[14] rs7412 T QT c/iC /T c/C c/C
Food infolerances 1361 HLA-DQ  HLA-DQAI 6p213 HLADQ2HLADQS
HLA-DQB1
[115] MCM6 154988235 2q21.3 c/C T T
[40] 157501331 c/C QT T
[41] BCMO1 1512934922 169232 A/A AT T
[42] 15119478057 c/iC QT T
[43] ALPL 151256335 1p36.12 G/G G/A AA
Metabolism of [44] NBPF3 154654748 : c/C QT T
vitamins [116] ~ MTHFR 151801133 1p36.22 c/C QT T
[46] FUT2 15602662 19q13.33 A/A A/G G/G
[117] VDR 11544410 12q13.11 AJA A/G G/G
[118] GC 152282679 4p12 A/A A/C c/C
[49] FADS1 15174547 9q31.3 c/C /T T
[119]  GLUT2 1$5400 3q26.2 c/C QT T
[120]  TAS2R38 151726866 7q34 c/C T T
Taste sensations [66] CD36 151761667 7q21.11 G/G G/A A/A
[67] ADD1 154961 4p163 G/G G/T T
[121]  CYPI1B2 151799998 8q24. 3 c/iC QT /T
, [122]  MnSOD 154880 6q25.3 c/C T T
Metabolism of 89] GSTP1  rs947894(rs1695)  11q13.2 AJA A/G G/G
xenobiotics [90] CYP1A2 18762551 15q24.1 C/C orCYP1A2*1C C/A AJA or

CYP1A2*1F
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Table 8. Cont.

Function Reference Gene Polymorphism  Localization Genotype
norm/norm norm /mut mut/mut

Fating [99] FTO 159939609 16q12.2 T T/A AJA
preferences [100] MC4R rs17782313 18q21.32 T/T T/C C/C

[123] DRD2 151800497 11q23.2 C/C or A2/A2 C/T or A2/A1 T/T or A1/A1

[124]  ADHIB 151229984 4q23 AJA or *1/*1 A/G or*1/%2 G/G*2/2

Food addicti [110]  ALDH2 15671 12q24.12 G/G or *1/*1 G/A or*1/%2 AJA or*2/%2
ood addiction [111]  CHRNAS5 1516969968 150251 A/A A/G G/G
[125] CHRNA3 151051730 e C/C C/T T/T

Table 8 presents 34 genes: nine genes responsible for metabolism of carbohydrates and fats, two
genes for food intolerance, eight genes for metabolism of vitamins, five genes for taste sensations, three
genes for metabolism of xenobiotics, seven genes for eating preferences. In Table 8, polymorphism of
some genes is not indicated, e.g., for HLA-DQ genes, since the development of celiac disease depends
not on genes polymorphisms, but on their presence. For the ApoE gene, two polymorphisms rs429358
and rs7412 are indicated, which form the three main variants of the gene (ApoE-¢2, ApoE-¢3 and
ApoE-¢4), and, so, there are six possible combinations of the ApoE gene: E2/2, E2/3, E3/3, E4/2, E4/3,
E4/4, which are presented in Table 8. Two names are presented for the genotype of DRD2, CYP1A2,
ADH1B and ALDH2 genes.

Achievements of Nutrigenetics for Personalized Diet Development

At present, there are widely available programs, in which individual data (weight, height, and age)
can be filled in and, afterwards, the appropriate physical activity and diet are selected. The programs
can include not only height and weight data, but also the information on diseases, allergic reactions,
blood test indicators, and, on this base, the individual diet is specified, e.g., Metabolic balance German
app [126,127].

Today, one can find databases that combine information for the research in the field of
nutrigenomics, e.g., Oxford scientists NutriGenomeDB [128,129], and it allows entering the gene or
genes of interest and get information about their expression. The data can be obtained in Excel and PDF
formats which are convenient for a further use. The information about the initial experiment (nutriet,
additional data about the experiment, etc.) is also displayed. That is, the idea of NutriGenomeDB is to
quantify the similarity of gene expression with biologically active food components. Due to the data, it
is possible to develop new functional products.

Recently, a model of a personalized diet has been developed, and it includes individual restrictions
(past medical history, DNA, habitat, climate, life style and energy expenditure) and the purpose of
the diet (to maintain health or physical fitness, longevity, taste preferences, for a balanced diet that
promotes fast saturation with a small portion) [130]. It is based on:

1.  Information architecture, i.e., protected databases, where the information about human genes
and other personal data are collected.

2. Service technology, a website or mobile app, where the questionnaires are placed; a program that
analyzes all the data and gives general recommendations.

3. Production technology (biologically active additives, functional products [131], new flavors, etc.).

Furthermore, a method for the formation of personalized nutrition based on DNA analysis with
an emphasis on overweight and food intolerance was developed [132]. The method includes a study
of the polymorphic sites of LCT, PPARG, ADRB2, FABP2, TCF7L2 genes and the identification of
HLA-DQ haplotype. Depending on how the polymorphism affects the excess weight and/or food
intolerance, and/or the presence of HLA-DQ haplotype, a diet is recommended. For example:

1. If the causes of overweight are associated with the polymorphism in TCF7L2 and FABP2 genes,
then a 6-month diet with the limitation of saturated fats and prevention of type 2 diabetes
is prescribed.
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2. If the causes of overweight are associated with the polymorphism in TCF7L2 and PPARG genes,
then a 6-month diet preventive of type 2 diabetes with hunger days is prescribed.

3. If the causes of overweight are associated with the polymorphism in TCF7L2 FABP2 and PPARG
genes, then a 6-month low-fat diet with hunger days and preventive of type 2 diabetes is prescribed.

4.  If the causes of overweight are associated with the polymorphism in CF7L2 and ADRB2 genes,
then a 6-month low-carbohydrate diet preventive of type 2 diabetes is prescribed.

5. If the causes of overweight are associated with the polymorphism in TCF7L2 ADRB2 and PPARG
genes, then a 6-month low-carbohydrate diet with hunger days and preventive of type 2 diabetes
is prescribed. The list can be continued.

The presented method is efficiently used by our domestic colleagues to select an individual
diet. The authors believe that the method is well suited within the genes in question (LCT, PPARG,
ADRB2, FABP2, TCF7L2, HLA-DQ), but these are not the only genes that can affect overweight and
food intolerance. So, as part of our review, it was found that, in addition to the genes presented, the
accumulation of excess mass is also influenced by the genes ADRB3, LEPR, FTO, MC4R. In addition to
gluten and lactose intolerance, there is a large amount of food irritants or "allergens," e.g., albumin,
biogenic amines (histamine, tiramine), sulfites, sodium glutamate, various food dyes, preservatives and
sweeteners, etc. [133]. Simply for these stimuli, the gene and its polymorphisms have not been studied
or little studied. In other words, the method gives good dietary recommendations, but considers a
limited number of genes.

The articles proving the efficiency of the method proposed by our domestic colleagues were not
found. However, in many articles, each of the listed genes takes part in overweight recruitment. Thus,
the possible impact of the LCT gene on the excess body weight, cancer development, cardiovascular
diseases, bone health and lipid metabolism were considered [134]. In Ref. [135], the results are presented
that a high-fat/low-fat diet affects PPARG gene expression, and that, if there is polymorphism in the
gene, a decrease in body weight appears. The authors of Ref. [136] used a nutrigenetic test to optimize
nutrients in the human diet. They carried out genetic testing (one of the gene analyses was PPARG)
and modified the Mediterranean diet to the personal requirements of the body according to the results
of the study. As a result of the experiment, the weight loss in test group was more intense than that
in the control group of people eating without nutrigenetic correction. Thus, nutrigenetics is a tool to
improve and optimize healthy full nutrition, and it is an effective mean for long-term lifestyle change.

Genes involved in excess weight accumulation occupy an important sector in nutrigenetic research.
However, in order to create a personalized diet, it is necessary to consider all the genes that affect eating
behavior. Taking into account only one gene, it can lead to a deterioration of health and well-being.
For example, if the study does not consider the genes responsible for food intolerance, an allergic
reaction may occur. If you do not consider the genes responsible for the vitamin metabolism and assign
a diet that is not rich in these biologically active substances, then beriberi will eventually develop
with time, and it can lead to a decrease in immunity and the development of chronic disease [137]. If
the genes responsible for eating behavior are not accounted, then there is a high risk of making an
incorrect/unsuitable diet, and, as a result, an accumulation of excess weight and moral dissatisfaction
with the diet. The remaining genes, which, in this review, were assigned to the groups responsible
for the metabolism of xenobiotics, food habituation and taste sensations [138], must be considered
for the purpose of assigning a correct recommendation to limit/eliminate/add a particular food to the
daily diet. For example, unintentional exclusion from the diet of a product rich in antioxidants, in the
presence of low activity of enzymes that block the free radical action in the body, can lead to the body
poisoning, or become one of the factors in the cancer development.
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3. Conclusions

3.1. Genes Responsible for Eating Preferences

The available data are contradictory in some respects, and a final answer about the role of genes
and their polymorphisms in eating preferences and some diseases cannot be given. This is induced by
the fact that the research involves a small number of people from different ethnic backgrounds and
living conditions and it leads to contrasting results. However, despite this, many genes from the list
can be used in DNA testing to develop nutritional strategies. The review is limited, as we used the
data from published articles rather than from the original data provided by authors. There are obvious
contradictions of the information presented in various databases: alleles of polymorphisms in their
nucleotide expression do not coincide, and it can be seen in some figures and tables.

The results show that not all polymorphisms have a negative impact on health, e.g., due to the
polymorphism in the MCMB6 gene, people in their adulthood can consume milk and dairy products.
From the data obtained, it can be said that the number of polymorphisms causing monogenic diseases
is inferior to the number of genes leading to polygenic diseases. The role of genes is extensive, and, in
addition to their influence on eating preferences, they (their mutations) can be among the causes of the
following diseases:

obesity (ADRB2, FABP2, PPARG, ADRB3, LEPR, FTO, MC4R);

e type 2 diabetes (ADRB2, TCF7L2, FABP2, PPARG, CETP, GLUT2, CD36);
e cardiovascular diseases (CETP, ApoA5, ApoE, ADD1, CYP11B2, MnSOD);
e cancer (MnSOD, GSTP1, CYP1A2, CHRNA5, CHRNA3);

e metabolic syndrome (ADRB2, TAS2R38, CD36).

The study of population genetics, allele frequencies of the genes shows that:

1)  For the African (AFR) population, it is not advisable to consider the following list of genes having
a frequency of recessive allele occurrence less than 20%: ADRB2 (rs1042714), PPARG (rs1801282),
ADRBS3 (rs4994), ApoA5 (rs662799, rs3135506), ApoE (rs7412), MCM6 (rs4988235), BCMO1
(rs7501331, rs12934922, rs119478057), NBPF3 (rs4654748), MTNEFR (rs1801133), GC (rs2282679),
FADSI (rs174547), ADD1 (rs4961), CYP11B2 (rs1799998), ADH1B (rs1229984), ALDH2 (rs671),
CHRNADS (rs16969968), CHRNAS3 (rs1051730).

2)  For the American (AMR) population, it is not advisable to consider the following list of genes
having a frequency of recessive allele occurrence less than 20%: PPARG (rs1801282), ADRB3
(rs4994), ApoA5 (rs662799, rs3135506), ApoE (rs429358, rs7412), BCMOL1 (rs7501331, rs119478057),
ALPL (rs1256335), GLUT2 (rs5400), ADD1 (rs4961), MC4R (rs17782313), ADH1B (rs1229984),
ALDH2 (rs671).

3)  For the East Asian population (EAS), a list of polymorphisms has been identified, and their
effect in metabolism cannot be considered: TCF7L2 with the rs12255372 polymorphism, since the
dominant allele has 90% frequency, and with the rs7903146 polymorphism, where the dominant
allele has the 98% frequency; ApoAb5 gene with the rs3135506 mutation, since the dominant allele
occurrence frequency is 100%, the LEPR gene rs1137101, since the dominant allele frequency is
87%; the MCM6 rs4988235, since the dominant allele frequency is 100%. Furthermore, BCMO1
(rs119478057), ALPL (rs1256335), FUT2 (rs602662), VDR (rs1544410), MnSOD (rs4880), GSTP1
rs947894 (rs1695) are inappropriate to consider, since the recessive allele occurrence frequency is
less than 20%.

4)  For the European population (EUR), a list of polymorphisms has been identified, and their effect
on the metabolism cannot be considered: PPARG (rs1801282), ADRB3 (1rs4994), ApoAb5 (15662799,
rs3135506), ApoE (rs429358, rs7412), BCMO1 (rs119478057), GLUT2 (rs5400), DRD2 (rs1800497),
ADHO1B (rs122929291B 84), ALDH2 (rs671).

5)  For the South Asian population (SAS), a list of polymorphisms has been identified, and their
effect on the metabolism cannot be considered: PPARG (rs1801282), ADRB3 (rs4994), ApoA5
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6)

7)

(rs662799, 1s3135506), ApoE (rs429358, rs7412), MCM6 (1rs4988235), BCMO1 (rs119478057), MTNFR
(rs1801133), FADSI (rs1 (rs1801133) 174547), GLUT2 (rs5400), ADH1B (rs1229984), ALDH2 (rs671),
CHRNAS (rs16969968), CHRNA3 (rs1051730).

For the six genes, it turns out to be inappropriate to consider how their oligonucleotide mutations
affect eating preferences, as the allele occurrence dynamics is either minimal or absent. So, for
PPARG 151801282, the occurrence of allele G for all populations is 7%, and, therefore, the search
for the recessive allele polymorphism will yield a negative result. The list also includes: ADRB3
(rs4994, recessive allele occurrence frequency 12%), ApoAb (rs3135506, recessive allele occurrence
frequency 6%), ApoE (rs7412, recessive allele occurrence frequency 8%), BCMOL1 (rs119478057,
recessive allele occurrence frequency 0%), ALDH2 (rs671, recessive allele occurrence frequency
4%).

Regarding the previous conclusion, the list of genes, in which the mutations play a role in
polygenic diseases, changes:

e  obesity (ADRB2, FABP2, LEPR, FTO, MC4R);

e type 2 diabetes (ADRB2, TCF7L2, FABP2, PPARG, CETP, GLUT2, CD36);
e cardiovascular diseases (CETP, ADD1, CYP11B2, MnSOD);

e cancer (MnSOD, GSTP1, CYP1A2, CHRNA5, CHRNAD3);

e metabolic syndrome (ADRB2, TAS2R38, CD36).

Taking into account population genetics data is important, as it will allow excluding false positive

results about the disturbed/normal metabolism, i.e., the consumer will not need to spend money to
determine polymorphisms in the gene, which it cannot initially have. For a recessive allele to be of
interest in the study of a gene polymorphism responsible for eating preferences, it is necessary that its
frequency be no less than 20%.

3.2. Methods and Programs for Developing Personal Eating Plans

1)
2)

3)
4)

5)
6)

1)

2)

3)
4)

The weak points of available methods and apps for developing personalized diets are:

they do not consider genetic data;

the diets are difficult to follow (both in the choice of products and in the mode), therefore, a
consumer often has to quit, and it is harmful for a body;

applications are not translated into an appropriate language;

they are mostly to be paid for;

the information on genetic predispositions is difficult to understand;

population genetics are not considered.

We designed an example of the model suitable for developing personalized diets (Figure 40).
The model consists of five blocks, including:

a questionnaire, where past medical history anamnesis, individual preferences (taste and religious
ones), habitat and climatic zone of residence, and lifestyle are specified. All data must be filled in
a secure database which will later be used for the analysis of DNA results;

DNA study. Depending on the purpose of a diet (to prevent obesity, diabetes, to improve
well-being, etc.), a gene or a set of genes is chosen, taking into account the population genetics
data. The material is collected (venous blood or saliva, buccal epithelium), DNA is extracted and
the necessary polymorphisms are determined;

data analysis. The program analyzes all the data and produces the result;

developing nutritional strategies. An expert in nutrigenetics has all the data and develops a
personal eating plan based on a genetic make-up.
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5) developing a functional product. With a customer permission, the selection of optimal foods,
nutrients and biologically active substances is made to develop a functional product on the basis
of the genetic make-up and psycho-emotional preferences of a customer [139].

Customer data

- past medical history;
Questionnaire - individual preferences (taste,
religious, etc.);
- habitat and climatic conditions;
- lifestyle (kind of work, sport).

Collection of biological material
DNA study (blood, saliva).
Gene typing

Typing results

Database on genes and their
polymorphisms, their influence on
food behavior

Analysis with the help of
the program

The study results

Personalized diet

Functional Product
Development

Functional Product

Figure 40. The model for a personalized diet, the ultimate goal of which is the production of a
functional product.

3.3. General Conclusions

To make the nutrigenetic research more popular, more detailed and reliable, it is necessary to:

1.  change the way of thinking, for both doctors and consumers, regarding dieting, since today one
approach to all health and diet problems is prevalent, and it can only aggravate the body condition;

2. create conditions for the cooperation of sciences (genetics, nutritiology, dietary science);

3.  make up genetics databases containing unified, clear and detailed information, for customers and
prospective scientists;

4.  train new nutrigenetic specialists interested in carrying out research work and capable of giving
competent interpretation results;

5. establish a legal framework in the field of nutrigenetic research, including developing
DNA-based diets;
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6.  design a model for individual diets, based on a patient’s genetic makeup.

One of the goals of nutrigenetics is to provide personalized diets which are very promising in
disease prevention. Nevertheless, personalized nutrition depends not only on the genetics, but also on
the psycho-emotional needs of a person.
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